This research investigates how people with different self-construals benefit from social gadgets to cope with ostracism. The Pilot Study showed that an independent selfconstrual was associated with reports of less loneliness when using social surrogates. Studies 1 and 2 revealed that without access to a gadget, participants with independent self-construal showed more negative affect in response to ostracism compared to inclusion whereas participants with interdependent self-construal did not. When given access to gadgets like a social toy or a social robot, this difference diminished; participants with independent self-construal did not differ in their negative affect between ostracism and inclusion. These results suggest that social gadgets can serve as strategy for coping with ostracism, in particular, among people with an independent self-construal.
1986). Accordingly, it has been proposed that humans have developed a monitoring system that reacts to cues of ostracism: After the physical pain which follows ostracism (Eisenberger, Lieberman, & Williams, 2003) , individuals are mentally alarmed by a decrease of basic psychological needs satisfaction and mood (Williams, 2009) .
Recent research has shown that people rely on strategies to alleviate social pain-for instance, ostracized individuals use photos of loved ones (Gardner et al., 2005) , watch favored television shows (Derrick, Gabriel, & Hugenberg, 2009 ), or eat comfort food (Troisi & Gabriel, 2011) to remind themselves of social relationships. The strategy of using representational reminders of real social bonds provides a temporary substitute for direct interaction. Any object has the potential to be a social surrogate if it is related to feelings of affiliation (Troisi & Gabriel, 2011) . Why should an object like a gadget have the power to alleviate the psychological pain of ostracism? People tend to perceive humanlike characteristics in nonhuman agents, thereby anthropomorphizing them (Epley, Waytz, Akalis, & Cacioppo, 2008; Epley, Waytz, & Cacioppo, 2007) . Thus, although people need other humans in daily life to assure psychological well-being, under specific circumstances, they even form bonds with nonhumans. These bonds might be especially relevant for coping efforts in the face of ostracism-in particular among those people who are less successful in coping with ostracism due to their kind of self-construal.
Ostracism and self-construal
The self can be distinguished into independent and interdependent aspects: People with independent self-construal value individual uniqueness and personal autonomy; their primary goal is to set themselves apart from others in a positive manner. People with interdependent self-construal, on the other hand, define themselves mainly by means of interpersonal relations; social representations are chronically accessible (Heine, Lehman, Markus, & Kitayama, 1999) .
Independent and interdependent self-construals (and likewise, their cultural correlates, the dimensions of individualism and collectivism; Hofstede, 1980) are differentially related to the experience of ostracism: Compared to independently defined individuals, people with interdependent self-construal report less negative mood and higher selfesteem (Gardner et al., in prep) , show less antisocial behavioral intentions (Pfundmair et al., 2015) , and recover quicker from ostracism . This "internal advantage" in dealing with ostracism has been explained by their chronically accessible social representations actively buffering them (Gardner et al., in prep) and by ostracism being experienced as less of a threat (Pfundmair et al., 2015) . Ostracized people with an independent self-construal, on the other hand, are comparably more vulnerable and therefore exposed to ostracism somewhat unprotected.
It has been shown that exposure to a social surrogate increases the activation of the collective self (Valenti, Gabriel, & Young, 2012) . Therefore, using social surrogates might be an appropriate, external technique to cope with ostracism, especially for people who lack a more collective (interdependent) self-construal. Thus, we suppose that gadgets can facilitate coping with ostracism among independently defined people.
Overview of the present research
The present studies examined the psychological benefits of social gadgets in coping with ostracism among participants with independent versus interdependent self-construals.
In a preliminary correlational study, we looked at the relationship between self-construal and feelings of loneliness when engaging in social surrogacy activities. In the two main studies, we experimentally manipulated ostracism by the virtual ball-tossing game Cyberball and operationalized social surrogacy using a social toy, i.e., a smartphone application (Study 1) and a toy robot (Study 2). To capture the superficiality of social surrogates being only a temporary stopgap for social hunger (Gardner et al., 2005) , we investigated affect measures that have been shown to work on a rather short-term level in contrast to the long-term effective basic needs measure (basic needs but not mood mediate effects of ostracism; see meta-analysis by Gerber & Wheeler, 2009) . We hypothesized that the use of social surrogates to cope with negative consequences of ostracism would be contingent on a person's social self-definition, with these with independent self-construal benefiting more from social surrogates than those with interdependent self-construal.
Pilot Study
In the Pilot Study, we explored the relationship between loneliness during the use of social surrogates and self-construal.
Method
Participants and procedure Eighty-eight German undergraduate students (60 women, 28 men, age: M ¼ 23.03, SD ¼ 6.55) participated in this study for research credit.
Participants completed a questionnaire measuring self-construal and feelings of loneliness during various activities, followed by a debriefing.
Materials
Self-construal Participants responded to 32 statements assessing horizontal and vertical individualism and collectivism (Singelis, Triandis, Bhawuk, & Gelfand, 1995) on 1 (not at all) to 7 (very much) scales. We cumulated the horizontal and vertical individualism (e.g., "Winning is everything"; a ¼ .82) and collectivism items (e.g., "My happiness depends very much on the happiness of those around me"; a ¼ .79) and calculated a difference score by deducting the mean score of collectivism from that of individualism 1 . Accordingly, higher values reflect an independent self-construal and lower values an interdependent selfconstrual.
Activities
Adapted from Derrick et al. (2009) , participants indicated how likely they would feel lonely when engaging in 10 various activities on a scale ranging from 1 (not lonely at all) to 7 (very lonely). The activities were either social surrogacy activities, i.e., associated with feelings of belonging (watching one's favorite movie, listening to one's favorite music, and surfing the web; a ¼ .59), or other activities (renting a new movie, listening to any music on the radio, eating, focussing on work, exercising, cleaning the room, and going for a walk/biking/jogging; a ¼ .79).
Results and discussion
To examine how strongly an independent self-construal is associated with feelings of loneliness when using social surrogates, we calculated correlations between self-construal and self-reported loneliness during the chosen activities. We observed a significant correlation only with regard to social surrogacy activities: The more independently defined, the less people felt lonely when they engaged in them, r(88) ¼ 2 .30, p ¼ .004. There was no significant correlation between self-construal and feelings of loneliness during the other activities, r(88) ¼ 2 .09, p ¼ .385
These findings provide an initial hint that people with independent self-construal who are more affected by ostracism (Gardner et al., in prep; Pfundmair et al., 2015; Ren et al., 2013) benefit more from social surrogacy activities when ostracized. However, because of the correlational nature of our findings, conclusions can only be drawn with caution. To examine the causal relationship, we conducted two experiments using real-time ostracism and interactive social surrogates.
Study 1
In Study 1, we conducted an experiment to investigate directly whether a social gadget would enhance coping with ostracism among individuals with independent (versus interdependent) self-construal. We manipulated exclusionary status through Cyberball, a virtual ball-tossing game, and operationalized social surrogacy by providing a real "social toy," a smartphone application. To investigate superficial vs. long-term effective coping, we measured affect in contrast to basic needs. We hypothesized the following: (1) Participants with interdependent self-construal would be less strongly affected by ostracism than participants with independent self-construal under "normal" conditions (i.e., in the no-gadget control condition). (2) Coping efforts of participants with independent self-construal would be less negatively affected by ostracism when supported, rather than unsupported, by a gadget, whereas participants with interdependent selfconstrual would not differentiate between gadget and no-gadget conditions.
Method
Participants and design Fifty-nine German students (47 women, 12 men, age: M ¼ 24.12, SD ¼ 8.41) participated in this study for research credit.
Participants were randomly assigned to a 2 (exclusionary status: ostracism vs. inclusion) £ 2 (surrogate: gadget vs. no-gadget) between-subject design; self-construal served as continuous moderator variable.
Procedure
Participants were recruited to participate in a study on game playing behavior including new technologies. After answering filler questions and items on self-construal, participants were introduced to the smartphone app "Gina," a digital giraffe. Participants were invited to play with it for a few minutes in order to facilitate feelings of affiliation, a necessary precondition for a social surrogate to be effective (Troisi & Gabriel, 2011) . After this brief interaction, participants played Cyberball. Importantly, then, participants in the gadget condition had the opportunity to engage in an interaction with "Gina" while completing the remaining part of the questionnaire including items on affect, need fulfillment and
manipulation checks; they could freely decide how long they interacted with it. In the nogadget condition, "Gina" was taken away. In the end, they were thanked and debriefed.
Materials

Self-construal
As in the Pilot Study, we computed a difference score based on participants' responses to Singelis' et al. (1995) horizontal and vertical individualism (a ¼ .85) and collectivism items (a ¼ .80). For a detailed examination, values were predicted at percentiles of this score.
Exclusionary status
The virtual ball tossing game "Cyberball" (Williams & Jarvis, 2006 ) was used to manipulate exclusionary status: Participants were led to believe that they were playing with two other participants in a computer network. A computerized ball was tossed 40 times between them. Participants were thrown the ball roughly one third of the time by the other "players" (inclusion condition) or they were passed the ball twice at the beginning of the game and never again (ostracism condition).
Social surrogate
We introduced participants to the smartphone app "Gina." Participants learned that they could feed and play with the giraffe and "Gina" imitated participants' verbal reaction. After manipulating exclusionary status, participants either had access to "Gina" (gadget condition) or not (no-gadget condition).
Affect
Participants were asked to fill out the 20-item Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988 ) on 1 (not at all) to 5 (very much) scales. To account for PA and NA being distinct constructs (Watson, Wiese, Vaidya, & Tellegen, 1999) , we separately aggregated the positive (e.g., "active"; a ¼ .84) and negative affect items (e.g., "distressed"; a ¼ .87).
Need fulfillment
Participants responded to 12 items assessing the fulfillment of belonging, self-esteem, control, and meaningful existence (e.g., "I felt good about myself"; Zadro, Williams, & Richardson, 2004) ; responses were averaged (a ¼ .88).
Manipulation checks
Assessing the success of Cyberball, participants answered two items ("What percent of the throws were thrown to you?", "To what extent were you excluded by the other participants during the game?"; Zadro et al., 2004) . Moreover, participants in the gadget condition reported the time they spent with "Gina" during completion of the final questionnaire.
Except stated otherwise, all items were rated on 1 (not at all) to 9 (very much) scales. 
Results
Preliminary analyses
For need fulfillment, a significant main effect of exclusionary status emerged, b ¼ 1.00, SE ¼ .22, t(25) ¼ 4.61, p , .001: Ostracized participants indicated lower need fulfillment than included participants. There was no significant interaction effect,
Interplay of exclusionary status, surrogate, and self-construal To investigate how participants with independent and interdependent self-construals differentially coped with ostracism when playing with "Gina," we conducted multiple moderation analyses using the PROCESS tool by Hayes (2013) . We entered exclusionary status (dummy coded as 2 1 ¼ ostracism and 1 ¼ inclusion) and surrogate (dummy coded as 2 1 ¼ no-gadget and 1 ¼ gadget) as independent variables, and self-construal as moderator; as dependent variables, we entered affect and need fulfillment. 
Discussion
Study 1 showed that among participants with higher independent self-construal, a social gadget represented an effective coping tool when facing ostracism: Without access to "Gina," they indicated more negative affect in response to ostracism than to inclusion; with access to "Gina," they did not differ between conditions. As people with independent self-construal are more affected by ostracism (Gardner et al., in prep; Pfundmair et al., 2015; Ren et al., 2013) , they might have to rely on external strategies like social surrogates to cope with ostracism. In Study 2, we aimed to replicate and extent these findings.
Ostracism
Negative affect Social gadget Self-construal Figure 1 . Conditional effect of exclusionary status on negative affect (Studies 1 and 2): Without access to a social gadget, participants with independent self-construal indicated more negative affect in response to ostracism than to inclusion; when given access to a social gadget, their negative affect did not differ between inclusion and ostracism.
Study 2
Our previous work suggested that an independent self-construal is associated with reduced feelings of loneliness and facilitated coping with ostracism when supported by a social surrogate. The aim of Study 2 was to replicate these findings using a more appealing and tangible gadget as surrogate. We therefore provided participants with a social robot, the dinosaur "Pleo." Exclusionary status was once again manipulated via Cyberball.
To investigate an emotional reaction directly adapted to the Cyberball experience, participants responded to affect variables validated by Zadro et al. (2004) before answering items on need fulfillment. Moreover, we asked for the participants' desire to spend time with the gadget to further explore the gadget's function as psychological substitute. We expected 1) participants with interdependent self-construal to be less strongly affected by ostracism than participants with independent self-construal in the nogadget condition. Further, we hypothesized that 2) coping efforts of participants with independent self-construal would be less negatively affected by ostracism when supported, rather than unsupported by a gadget, whereas participants with interdependent self-construal would not differentiate between gadget and no-gadget conditions. Finally, we expected that 3) an independent self-construal would be associated with an increased desire for the gadget after ostracism and interacting with the gadget.
Method
Participants and design
Eighty students from a German university participated in this study for research credit or a small reimbursement. Participants who had technical difficulties during the experiment (N ¼ 3) and non-native German speakers (N ¼ 9) were excluded, leaving us with a final sample of 68 participants (32 female, 36 male, age: M ¼ 23.89, SD ¼ 6.52). They were randomly assigned to a 2 (exclusionary status: ostracism vs. inclusion) £ 2 (surrogate: gadget vs. no-gadget) between-subject design; self-construal served as continuous moderator variable.
Procedure
The procedure was nearly identical to Study 1. However, in Study 2, we used the zoomorphic robot "Pleo," and instead of the PANAS measure, participants responded to affect items adapted to their Cyberball experience. Moreover, they indicated their desire to spend time with "Pleo." As part of a larger research project, participants also completed items on anthropomorphism that are not included in this paper.
Materials
Self-construal As in the previous two studies, participants completed Singelis et al. (1995) horizontal and vertical individualism (a ¼ .79) and collectivism scale (a ¼ .81); again, we calculated the difference score.
Exclusionary status
We used Cyberball with identical settings as in Study 1.
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Social surrogate
We introduced the zoomorphic pet robot "Pleo" to the participants using the same script as in Study 1. "Pleo" emulates the appearance of a baby Camarasaurus and reacts to touch with various behaviors. After manipulating exclusionary status, participants were either given the opportunity to further play with "Pleo" or it was removed.
Affect
Participants answered two single items with positive and negative valence ("I enjoyed playing the Cyberball game", "I felt angry during the Cyberball game"; Zadro et al., 2004) .
Need fulfillment
As in Study 1, participants responded to 12 items assessing their need fulfillment which were aggregated (a ¼ .90).
Desire to spend time with gadget Participants completed two items assessing their desire to spend time with "Pleo" ("How much would you like to have Pleo at home?", "Imagine Pleo was yours. How much time would you spend with Pleo?"); the items were separately answered on a continuous scale and an open field.
Manipulation checks
The success of both manipulations was evaluated as in Study 1. All items were rated on 1 (not at all) to 9 (very much) scales. 
Results
Preliminary analyses
Interplay of exclusionary status and self-construal
To examine the impact of ostracism versus inclusion on participants with independent and interdependent self-construals when not having access to the gadget, we conducted moderation analyses for the no-gadget condition. Again, we used Hayes (2013) For need fulfillment, a significant main effect of exclusionary status emerged, b ¼ 1.35, SE ¼ .29, t(29) ¼ 4.61, p , .001, with ostracized participants indicating lower need fulfillment than included participants. There was no significant interaction,
Interplay of exclusionary status, surrogate, and self-construal To investigate how participants with independent and interdependent self-construals coped with ostracism in dependence of having access to "Pleo," we conducted multiple moderation analyses using the PROCESS tool by Hayes (2013) . We entered exclusionary status (dummy coded as 2 1 ¼ ostracism and 1 ¼ inclusion) and surrogate (dummy coded as 2 1 ¼ no-gadget and 1 ¼ gadget) as independent variables, and self-construal as moderator; affect and need fulfillment served as dependent variables.
For the positive affect item, a significant main effect of exclusionary status, b ¼ 0.85, SE ¼ .28, t(60) ¼ 2.99, p ¼ .004, but no significant three-way interaction emerged,
For the negative affect item, both the main effect of exclusionary status, b ¼ 20.77, SE ¼ .27, t(60) ¼ -2.84, p ¼ .006, and the main effect of self-construal were marginally significant, b ¼ 0.34, SE ¼ .19, t(60) ¼ 1.84, p ¼ .071. Moreover, the moderation model revealed a marginally significant three-way interaction, b ¼ 0.36, SE ¼ .19, t(60) ¼ 1.95, p ¼ .056, see Figure 1 . To probe this interaction, we analyzed the conditional effect of exclusionary status £ surrogate at different values of the moderator. The conditional effect was marginally significant among those high in independence (90th percentile), b ¼ 0.70, SE ¼ .40, t(60) ¼ 1.72, p ¼ .090: whereas highly independent participants indicated more anger after ostracism than after inclusion when not supported by "Pleo," b ¼ 21.62, SE ¼ .59, t(60) ¼ 22.76, p ¼ .008, they did not differ between inclusion and ostracism when supported by "Pleo," b ¼ 20.22, SE ¼ .56, t(60) ¼ 20.39, p ¼ .696. On the other hand, there was no significant conditional effect of exclusionary status x surrogate among those high in interdependence (10th percentile), b ¼ 20.51, SE ¼ .37, t(60) ¼ -1.38, p ¼ .173. 
Desire to spend time with gadget
The same multiple moderation analysis as defined in the section above revealed a significant three-way interaction on the item on how much participants wanted to have "Pleo" at home, b ¼ 2 0.40, SE ¼ .19, t(60) ¼ 2 2.06, p ¼ .044. Among those high in interdependence (10th percentile), a marginal significant conditional effect of exclusionary status £ surrogate emerged, b ¼ 0.67, SE ¼ .38, t(60) ¼ 1.77, p ¼ .083: Whereas highly interdependent participants did not differ between ostracism and inclusion when not supported by "Pleo," b ¼ 2 0.14, SE ¼ .54, t(60) ¼ 2 0.26, p ¼ .798, they indicated a greater desire for "Pleo" in response to inclusion compared to ostracism, b ¼ 1.19, SE ¼ .52, t(60) ¼ 2.27, p ¼ .027. For the item on how much time they wanted to spend with "Pleo," a marginal significant surrogate x self-construal interaction,
To map on to the analyses of the Pilot Study, we moreover calculated correlations on the participants' desire to spend time with "Pleo" and self-construal. We analyzed these separately for each of the four conditions. Results revealed significant correlations only for the ostracism condition with access to "Pleo:" The more independently defined participants were, the more they wanted to have "Pleo" at home, r(17) ¼ .51, p ¼ .035, and the more time they wanted to spend with "Pleo," r(15) ¼ .52, p ¼ .048. There were no significant correlations for the ostracism/no-gadget condition, ps . .234, the inclusion/ gadget condition, ps . .157, or the inclusion/no-gadget condition, ps . .289.
Discussion
Study 2 replicated and extended Study 1 in that the zoomorphic robot "Pleo" facilitated coping with ostracism among participants with independent self-construal: Without access to the social gadget, they reported more anger after ostracism than after inclusion-this difference diminished when given access to "Pleo." However, with the aim of using Cyberball-specific and validated variables, the participants' emotional reaction was only captured by two single items which reduces the robustness of the effect. We moreover observed that an independent self-construal was associated more strongly with the desire to spend time with the robot "Pleo" when ostracized and given access to the gadget.
General discussion
The current work provides empirical evidence that social gadgets can help to cope with ostracism, however, the extent of this support is dependent on self-construal. The Pilot Study revealed that an independent self-construal was associated with lower feelings of loneliness when using social surrogates. In Studies 1 and 2, participants with independent self-construal reported more negative affect in response to ostracism compared to inclusion without access to a social gadget; importantly, this difference diminished when given access to a gadget. Our gadgets only proved effective with respect to affect but not need fulfillment, thus remaining on a rather superficial psychological level and pointing to the surrogate's characteristic as "temporary stopgap for our social hunger" (Gardner et al., 2005, p. 232) . Therefore, it might be concluded that social gadgets can be useful for shortterm emotion regulation but do not appropriately compensate negative consequences in the long-term. Nevertheless, the results suggest that not only surrogates like pets (McConnell, Brown, Shoda, Stayton, & Martin, 2011) or plants (Knowles, Liu, & Sassaman, 2015) but also social gadgets have the power to conditionally facilitate coping with ostracism.
The current findings also add to the evidence of an independent self-construal being characterized by more psychological susceptibility to ostracism (Gardner et al., in prep; Pfundmair et al., 2015; Ren et al., 2013) . While persons with an interdependent selfconstrual seem to be less threatened by ostracism, it is, on the other hand, plausible that individuals with an independent self-construal may feel the need to make use of external social strategies to cope with negative consequences of ostracism. Since social surrogates seem to activate the collective self (Valenti et al., 2012) , the use of social surrogates might represent an appropriate technique for an independent self to compensate for its deficit and cope with ostracism.
As people with interdependent self-construals are less vulnerable to negative consequences of ostracism when not having access to a social surrogate, we concluded that they do not make use of social surrogates to cope with ostracism. However, it is also possible that they use external resources to cope with ostracism if such resources are available; if not, they might rely on their internal cognitive resources which people with independent self-construal poorly do. Interestingly, in this regard, is the result pattern of Study 1 and trending of Study 2. Here, participants with interdependent self-construal displayed more negative affect after ostracism when supported by the gadget in contrast to when not supported. Moreover, in Study 2 their desire for the gadget was more pronounced in the inclusion than in the ostracism condition. This might have been either caused by poorer (external) coping performances when internal coping is "turned off;" or by a distraction of their "normal" internal coping behavior through the external resources.
Limitations and future directions
Our findings indicate that turning to technical gadgets can function as a coping strategy in response to ostracism, in particular, among people with independent self-construal. We concluded that those individuals would compensate for their lack of strong social ties implied in social networks; however, we did not explicitly investigate this assumption. It might also be that people with independent self-construal experienced the gadget as a simple distraction from ostracism (distraction expedites recovery from ostracism; Wesselmann, Ren, Swim, & Williams, 2013 ). This alternative approach should be examined in future studies.
Some methodological limitations should also be addressed. First, we are well aware of the fact that our studies yielded mainly small effects which might be due to the relatively small sample sizes. Second, it should be considered that participants in the ostracism/nogadget conditions had to face two ostracizing experiences-one during Cyberball and the other during the gadget's removal-which could eventually have prolonged the distress. However, as the no-gadget condition did not always contrast negatively against the gadget condition (only among participants with independent but not interdependent selfconstrual), we suggest that this double-ostracism did not affect our results. Third, it should be noted that although all participants had a small time delay between playing Cyberball and finishing the questionnaire (caused by removing the gadget before completing the questionnaire in the no-gadget conditions or playing with the gadget during completing the questionnaire in the gadget conditions), this time delay was bigger for participants in the gadget (Study 1: on average 1 minute; Study 2: on average 3.15 minutes) than in the no-gadget conditions (Studies 1 and 2: on average 0.5 minutes). In a recent meta-analysis, it has been shown that the time passed after an ostracism episode is likely to affect the extent of immediate distress (Hartgerink, van Beest, Wicherts, & Williams, 2015) . However, as the recovery time difference did not have a general positive impact (only participants with independent but not interdependent self-construal benefited from the gadget conditions), we assume that the temporal difference did not confound our results.
Conclusion
The current studies revealed that access to social gadgets can serve as strategy for coping with ostracism-particularly among people with a more independent self-construal. Thus, being independently defined it seems reasonable to seek support by social technology in the face of ostracism.
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Notes
1 There is some debate on whether individualism and collectivism represent two independent dimensions or rather opposite ends of a single dimension (e.g., Kagitcibasi, 1987; Oyserman, 1993; Triandis, Bontempo, Villareal, Asai, & Lucca, 1988) . In this regard, Triandis (e.g., Triandis, 1989; Triandis et al., 1988) argues that both interpretations may be accurate, depending on the scope of the research. That is, a unidimensional structure would be more appropriate if a study integrates a broad range of values, whereas a multidimensional structure may be more fitting for a study with a more restricted focus. Given the broader scope of the present research, we decided to treat individualism and collectivism as unidimensional construct by computing a difference score based on horizontal and vertical individualism and collectivism, respectively (see Holland, Roeder, van Baaren, Brandt, & Hannover, 2004; Jonas et al., 2009; Pöhlmann, Carranza, Hannover, & Iyengar, 2007) . This approach was also used in previous research investigating ostracism and self-construal (Pfundmair et al., 2015) . 2 Breaking down this non-significant interaction revealed that highly interdependent participants did not differ between ostracism and inclusion when not supported by "Pleo," b ¼ 0.06, SE ¼ .53, t(60) ¼ 0.12, p ¼ .907, but indicated more anger when supported by "Pleo," b ¼ 2 0.95 SE ¼ .51, t(60) ¼ 2 1.86, p ¼ .067.
